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7.5 CPU Clock and Peripheral Function Clock
The CPU clock is used to operate the CPU and peripheral function clocks are used to operate the peripheral
functions.

7.5.1 CPU Clock

This is the operating clock for the CPU and watchdog timer.
The clock source for the CPU clock can be chosen to be the main clock, sub clock, on-chip oscillator clock
or the PLL clock.
If the main clock or on-chip oscillator clock is selected as the clock source for the CPU clock, the selected
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CM06 bit in
CM0 register and bits CM17 to CM16 in CM1 register to select the divide-by-n value.
When the PLL clock is selected as the clock source for the CPU clock, the CM06 bit should be set to 0 and
bits CM17 and CM16 to 002 (undivided).
After reset, the on-chip oscillator clock divided by 16 provides the CPU clock.
Note that when entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip
oscillator low power dissipation mode, or when the CM05 bit in the CM0 register is set to 1 (main clock
turned off) in low-speed mode, the CM06 bit in the CM0 register is set to 1 (divide-by-8 mode).

7.5.2 Peripheral Function Clock(f1, f2, f8, f32, f1SIO, f2SIO, f8SIO, f32SIO, fAD, fC32, fCAN0)
These are operating clocks for the peripheral functions.
Of these, fi (i = 1, 2, 8, 32) and fiSIO are derived from the main clock, PLL clock, or on-chip oscillator clock
divided by i.  The clock fi is used for Timer A, Timer B, SI/O3 and SI/O4 while fiSIO is used for UART0 to
UART2. Additionally, the f1 and f2 clocks are also used for dead time timer, Timer S, multi-master I2C bus.
The fAD clock is produced from the main clock, PLL clock or on-chip oscillator clock, and is used for the A/
D converter.
The fCAN0 clock is derived from the main clock, PLL clock or on-chip oscillator clock devided by 1 (undi-
vided), 2, 4, 8, or 16, and is used for the CAN module.
When the WAIT instruction is executed after setting the CM02 bit in the CM0 register to 1 (peripheral
function clock turned off during wait mode), or when the MCU is in low power dissipation mode, the fi, fiSIO,
fAD, and fCAN0 clocks are turned off. (Note 1)
The fC32 clock is produced from the sub clock, and is used for timers A and B. This clock can only be used
when the sub clock is on.
Note 1:  fCAN0 clock stops at "H" in CAN0 sleep mode.

7.5.3 ClockOutput Function
The f1, f8, f32 or fC clock can be output from the CLKOUT pin.  Use the PCLK5 bit in the PCLKR register
and bits CM01 to CM00 in the CM0 register to select. Table 7.3 shows the function of the CLKOUT pin.

PCLK5 CM01 CM00 The function of the CLKOUT pin

0 0 0 I/O port P90

0 0 1 fC
0 1 0 f8
0 1 1 f32

1 0 0 f1
1 0 1 Do not set
1 1 0 Do not set
1 1 1 Do not set

Table 7.3 The function of the CLKOUT pin
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9.1.1 Software Interrupts
A software interrupt occurs when executing certain instructions.  Software interrupts are non-maskable
interrupts.

9.1.1.1 Undefined Instruction Interrupt

An undefined instruction interrupt occurs when executing the UND instruction.

9.1.1.2 Overflow Interrupt

An overflow interrupt occurs when executing the INTO instruction with the O flag set to 1 (the opera-
tion resulted in an overflow).  The following are instructions whose O flag changes by arithmetic: ABS,
ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.1.1.3 BRK Interrupt

A BRK interrupt occurs when executing the BRK instruction.

9.1.1.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63
can be specified for the INT instruction.  Because software interrupt Nos. 1 to 31 are assigned to
peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can be
executed by executing the INT instruction.
In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is
cleared to 0 (ISP selected) before executing an interrupt sequence.  The U flag is restored from the
stack when returning from the interrupt routine.  In software interrupt Nos. 32 to 63, the U flag does not
change state during instruction execution, and the SP then selected is used.
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9.3.1 I Flag
The I flag enables or disables the maskable interrupt.  Setting the I flag to 1 (= enabled) enables the
maskable interrupt.  Setting the I flag to 0 (= disabled) disables all maskable interrupts.

9.3.2 IR Bit

The IR bit is set to 1 (= interrupt requested) when an interrupt request is generated.  Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is
cleared to 0 (= interrupt not requested).
The IR bit can be cleared to 0 in a program.  Note that do not write 1 to this bit.

9.3.3 ILVL2 to ILVL0 Bits and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVL0.
Table 9.3 shows the settings of interrupt priority levels and Table 9.4 shows the interrupt priority levels
enabled by the IPL.

The following are conditions under which an interrupt is accepted:
· I flag = 1
· IR bit = 1
· interrupt priority level > IPL

The I flag, IR bit, bits ILVL2 to ILVL0, and IPL are independent of each other.  In no case do they affect
one another.

Table 9.4  Interrupt Priority Levels
                       Enabled by IPL

Table 9.3  Settings of Interrupt Priority
         Levels

ILVL2 to ILVL0 bits
Interrupt priority

level
Priority
order

0002

0012

0102

0112

1002

1012

1102

1112

Level 0 (interrupt disabled)

Level 1

Level 2

Level 3

Level 4

Level 5

Level 6

Level 7

Low

High

Enabled interrupt priority levels

Interrupt levels 1 and above are enabled

Interrupt levels 2 and above are enabled

Interrupt levels 3 and above are enabled

Interrupt levels 4 and above are enabled

Interrupt levels 5 and above are enabled

Interrupt levels 6 and above are enabled

Interrupt levels 7 and above are enabled

All maskable interrupts are disabled

IPL

0002

0012

0102

0112

1002

1012

1102

1112
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Figure 12.9  TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase pulse
signal processing with timer A2, A3 or A4)

Timer Ai Mode Register (i=2 to 4) 
(When using two-phase pulse signal processing)

Symbol                          Address                     After Reset 
TA2MR to TA4MR         039816 to 039A16                    0016

b6 b5 b4 b3 b2 b1 b0

Operation mode select bit 0 1: Event counter mode
b1 b0 

TMOD1
TMOD0

MR0 To use two-phase pulse signal processing, set this bit to 0

MR2

MR1

MR3

TCK1

TCK0

0 10

Bit Name Function RW

Count operation type 
select bit

Two-phase pulse signal 
processing operation 
select bit (1)(2)

0: Reload type
1: Free-run type

0: Normal processing operation
1: Multiply-by-4 processing operation

001

To use two-phase pulse signal processing, set this bit to 0

To use two-phase pulse signal processing, set this bit to 1

To use two-phase pulse signal processing, set this bit to 0

Bit Symbol

RW
RW

RW

RW

RW

RW

RW

RW

NOTES:
1. The TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate         

in normal processing mode and x4 processing mode, respectively.
2. If two-phase pulse signal processing is desired, following register settings are required: 
     • Set the TAiP bit in the UDF register to 1 (two-phase pulse signal processing function enabled). 
     • Set bits TAiTGH and TAiTGL in the TRGSR register to 002 (TAiIN pin input). 
     • Set the port direction bits for TAiIN and TAiOUT to 0 (input mode).
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Figure 12.34  Sawtooth Wave Modulation Operation

Timer B2

U phase

Sawtooth wave

Signal wave

U phase 
output signal (1)

U phase

U phase 
output signal (1)

U phase

U phase

INV14 = 0

Sawtooth Waveform as a Carrier Wave

INV14 = 1

NOTE:
     1. Internal signals. See Figure 12.25.
The above applies under the following conditions:
      INVC0 = 01XX110X2 (X varies depending on each system) and INVC1 = 010XXX002. 
Examples of PWM output change are:
• Default value of registers IDB0 and IDB1: DU0=0, DUB0=1, DU1=1, DUB1=1. 
  They are changed to DU0=1, DUB0=0, DU1=1, DUB1=1 when the timer B2 interrupt is generated.

Start trigger signal 
for timer A4(1)

Timer A4
one-shot pulse(1)

Dead time

Dead time(“H” active)

(“L” active)

Transfer the values to the three-
phase output shift register

Rewrite registers 
IDB0 and IDB1
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Figure 13.6  G1TM0 to G1TM7 Registers, and G1POCR0 to G1POCR7 Registers

Waveform Generation Control Register j (j=0 to 7)
Symbol Address After Reset 
G1POCR0 to G1POCR3 031016, 031116, 031216, 031316 0X00 XX002

G1POCR4 to G1POCR7 031416, 031516, 031616, 031716 0X00 XX002

RW

RW

RW

RW

RW

RW

Bit Name FunctionBit 
Symbol

MOD0

MOD1

Operating mode
select bit

Output initial value
select bit(4)IVL

RLD

INV

0: "L" output as a default value
1: "H" output as a default value

Inverse output function 
select bit (2)

: Single waveform output mode
: SR waveform output mode (1)

: Phase-delayed waveform  
  output mode
: Do not set to this value 

0: Output is not inversed
1: Output is inversed

b1
0
0
1

1

b0
0
1
0

1

G1POj register value 
reload timing select bit

NOTES : 
 1. This setting is enabled only for even channels.  In SR waveform output mode, values written to the 

corresponding odd channel (next channel after an even channel) are ignored.  Even channels 
provide waveform output.  Odd channels provide no waveform output. 

 2. The inverse output function is the final step in waveform generating process. When the INV bit is set 
to 1, and "H" signal is provided a default output by setting the IVL bit to 0, and an "L" signal is 
provided by setting it to 1.

     3. In the SR waveform output mode, set not only the even channel but also the correspoinding even 
channel (next channel after the even channel).

     4. To provide either "H" or "L" signal output set in the IVL bit, set the FSCj bit in the G1FS register to 0 
(select waveform generating function) and IFEj bit in the G1FE register to 1 (functions for channel j 
enabled).  Then set the IVL bit to 0 or 1.

Nothing is assigned.  If necessary, set to 0.  
When read, their contents are undefined

Nothing is assigned.  If necessary, set to 0.  
When read, its content is undefined

0: Reloads the G1POj register when 
value is written

1: Reloads the G1POj register when 
the base timer is reset

(b3-b2)

(b6)

b7 b6 b5 b4 b3 b2 b1 b0

Waveform Generation Register j (j=0 to 7)
Symbol  
G1TM0 to G1TM2 
G1TM3 to G1TM5
G1TM6 to G1TM7

RW

RO

Function Setting Range

b15
(b7)

b8
(b0)

 Address    
030116-030016,  030316-030216,  030516-030416

030716-030616,  030916-030816,  030B16-030A16

030D16-030C16,  030F16-030E16

After Reset 
Indeterminte
Indeterminte
Indeterminte

The base timer value is stored every 
measurement timing

b7 b0
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14.1.1.2 CLK Polarity Select Function

Use the CKPOL bit in the UiC0 register (i=0 to 2) to select the transfer clock polarity.  Figure 14.11

shows the polarity of the transfer clock.

Figure 14.11 Polarity of transfer clock

14.1.1.3  LSB First/MSB First Select Function

Use the UFORM bit in the UiC0 register (i=0 to 2) to select the transfer format.  Figure 14.12 shows
the transfer format.

Figure 14.12 Transfer format

(2) When the CKPOL bit  in the UiC0 register is set to 1 (transmit data output at the rising 
edge and the receive data taken in at the falling edge of the transfer clock)

D1 D2 D3 D4 D5 D6 D7

D1 D2 D3 D4 D5 D6 D7

D0

D0

TXDi

RXDi

CLKi

(1) When the CKPOL bit in the UiC0 register is set to 0 (transmit data output at the falling edge 
and the receive data taken in at the rising edge of the transfer clock)

D1 D2 D3 D4 D5 D6 D7D0

D1 D2 D3 D4 D5 D6 D7D0

TXDi

RXDi

CLKi (2)

(3)

i = 0 to 2

NOTES:     
1. This  applies to the case where the UFORM bit in the UiC0 register is set to 0 (LSB first) and the 

UiLCH bit in the UiC1 register is set to 0 (no reverse).     
2. When not transferring, the CLKi pin outputs a high signal.     

(1) When the UFORM bit in the UiC0 register 0 (LSB first)

D0

D0

D1 D2 D3 D4 D5 D6 D7

D1 D2 D3 D4 D5 D6 D7

TXDi

RXDi

CLKi

(2) When the UFORM bit in the UiC0 register is set to 1 (MSB first)

D6 D5 D4 D3 D2 D1 D0D7

D7 D6 D5 D4 D3 D2 D1 D0

TXDi

RXDi

CLKi

i = 0 to 2

NOTE:     
1. This applies to the case where the CKPOL bit in the UiC0 register is set to 0 (transmit data output at 

the falling edge and the receive data taken in at the rising edge of the transfer clock) and the 
UiLCH bit in the UiC1 register 0 (no reverse).
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Transfer clock “H”

“L”

D0 D1 D2 D3 D4 D5 D6 D7 P SPSTTxD2
(no reverse)

“H”

“L”

TxD2
(reverse) SPST D3 D4 D5 D6 D7 PD0 D1 D2

“H”

“L”

(1) When the U2LCH bit in the U2C1 register is set to 0  (no reverse)

(2) When the U2LCH bit in the U2C1 register is set 1 (reverse)

Transfer clock “H”

“L”

NOTE:     
1. This applies to the case where the  CKPOL bit in the U2C0 register is set to 0 

(transmit data output at the falling edge of the transfer clock), the  UFORM bit in 
the U2C0 register is set to 0 (LSB first), the STPS bit in the U2MR register is set 
to 0 (1 stop bit) and  the PRYE bit  in the U2MR register is set to 1 (parity 

ST: Start bit
P: Parity bit
SP: Stop bit

(1) When the IOPOL bit  in the U2MR register is set to 0 (no reverse)

(2) When the IOPOL bit in the U2MR register is set to 1 (reverse)

ST: Start bit
P: Parity bit
SP: Stop bit

D0 D1 D2 D3 D4 D5 D6 D7 P SPST

SPST D3 D4 D5 D6 D7 PD0 D1 D2

D0 D1 D2 D3 D4 D5 D6 D7 P SPST“H”

SPST D3 D4 D5 D6 D7 PD0 D1 D2

Transfer clock

TxD2
(no reverse)

RxD2
(no reverse)

Transfer clock

TxD2
(reverse)

RxD2
(reverse)

“L”

“H”
“L”

“H”
“L”

“H”
“L”

“H”
“L”

“H”
“L”

NOTE:     
1. This applies to the case where the UFORM bit in the U2C0 register is set 

to 0 (LSB first), the STPS bit in the U2MR register is set to 0 (1 stop bit) 
and the PRYE bit in the U2MR register is set to 1 (parity enabled).

14.1.2.4 Serial Data Logic Switching Function (UART2)

The data written to the U2TB register has its logic reversed before being transmitted.  Similarly, the
received data has its logic reversed when read from the U2RB register. Figure 14.19 shows serial
data logic.

Figure 14.19  Serial Data Logic Switching

14.1.2.5 TxD and RxD I/O Polarity Inverse Function (UART2)

This function inverses the polarities of the TXD2 pin output and RXD2 pin input.  The logic levels of all
input/output data (including the start, stop and parity bits) are inversed. Figure 14.20 shows the TXD
pin output and RXD pin input polarity inverse.

Figure 14.20  TXD and RXD I/O Polarity Inverse
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Item Specification
Function           Bits SCAN1 and SCAN0 in the ADCON1 register and bits ADGSEL1 and

ADGSEL0  in the ADCON2 register select pins.  Analog voltage applied
to the selected pins is converted one-by-one to a digital code.  At this time,
the input voltage of AN0 and AN1 are sampled simultaneously.

A/D Conversion Start Condition When the TRG bit in the ADCON0 register is 0 (software trigger)
 Set the ADST bit in the ADCON0 register to 1 (A/D conversion started)
When the TRG bit in the ADCON0 register is 1 (hardware trigger)
The trigger is selected by bits TRG1 and HPTRG0 (See Table 15.9)
  The ADTRG pin input changes state from “H” to “L” after setting the ADST
  bit to 1 (A/D conversion started)
  Timer B0, B2 or Timer B2 interrupt generation frequency setting counter
  underflow after setting the ADST bit to 1 (A/D conversion started)

A/D Conversion Stop Condition A/D conversion completed (If selecting software trigger, the ADST bit is
automatically set to 0 ).
Set the ADST bit to 0 (A/D conversion halted)

Interrupt Generation Timing A/D conversion completed
Analog Input Pin Select from AN0 to AN1 (2 pins), AN0 to AN3 (4 pins), AN0 to AN5 (6 pins),

or AN0 to AN7 (8 pins) (1)

Readout of A/D conversion result Readout one of registers AN0 to AN7 that corresponds to the selected pin
NOTE:

1. AN00 to AN07, AN 20 to AN27, and AN30 to AN32 can be used in the same way as AN0 to AN7.  However, all input
pins  need to belong to the same group.

15.1.6 Simultaneous Sample Sweep Mode
In simultaneous sample sweep mode, analog voltages applied to the selected pins are converted one-by-
one to a digital code.  The input voltages of AN0 and AN1 are sampled simultaneously using two circuits
of sample and hold circuit.  Table 15.8 shows the simultaneous sample sweep mode specifications.
Figure 15.16 shows the operation example in simultaneous sample sweep mode.  Figure 15.17 shows
registers ADCON0 to ADCON2 and Figure 15.18 shows ADTRGCON registers in simultaneous sample
sweep mode.  Table 15.9 shows the trigger select bit setting in simultaneous sample sweep mode.  In
simultaneous sample sweep mode, Timer B0 underflow can be selected as a trigger by combining soft-

___________

ware trigger, ADTRG trigger, Timer B2 underflow, Timer B2 interrupt generation frequency setting counter
underflow or A/D trigger mode of Timer B.

Figure 15.16  Operation Example in Simultaneous Sample Sweep Mode

Table 15.8  Simultaneous Sample Sweep Mode Specifications

    •Example when selecting AN0 to AN3 to A/D pins for sweep (SCAN1 to SCAN0 = 012)

A/D conversion started

A/D interrupt request generated

AN0

AN1

AN2

AN3

AN4

AN5

AN6

AN7

A/D pin input voltage 
sampling
A/D pin conversion
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NOTES:
1. Set the larger value than the value of the timer B0 register to the timer B1 register.  The count source for timer B0

and timer B1 must be the same.
2. Do not write 1 (A/D conversion started) to the ADST bit in delayed trigger mode 0.  When write 1, unexpected

interrupts may be generated.
3. AN00 to AN07, AN 20 to AN27, and AN30 to AN32 can be used in the same way as AN0 to AN7.  However, all input

pins need to belong to the same group.

15.1.7 Delayed Trigger Mode 0
In delayed trigger mode 0, analog voltages applied to the selected pins are converted one-by-one to a
digital code.  The delayed trigger mode 0 used in combination with A/D trigger mode of Timer B.  The
Timer B0 underflow starts a single sweep conversion.  After completing the AN0 pin conversion, the AN1

pin is not sampled and converted until the Timer B1 underflow is generated.  When the Timer B1 under-
flow is generated, the single sweep conversion is restarted with the AN1 pin.  Table 15.10 shows the
delayed trigger mode 0 specifications.  Figure 15.19 shows the operation example in delayed trigger
mode 0.  Figures 15.20 and 15.21 show each flag operation in the ADSTAT0 register that corresponds to
the operation example.  Figure 15.22 shows registers ADCON0 to ADCON2 in delayed trigger mode 0.
Figure 15.23 shows the ADTRGCON register in delayed trigger mode 0 and Table 15.11 shows the
trigger select bit setting in delayed trigger mode 0.

          Item Specification
 Function Bits SCAN1 and SCAN0 in the ADCON1 register and bits ADGSEL1 and ADGSEL0

in the ADCON2 register select pins.  Analog voltage applied to the input voltage of
the selected pins are converted one-by-one to the digital code.  At this time, timer B0
underflow generation starts AN0 pin conversion.  Timer B1 underflow generation
starts conversion after the AN1 pin.  (1)

 A/D Conversion Start AN0 pin conversion start condition
   •When Timer B0 underflow is generated if Timer B0 underflow is generated again
    before Timer B1 underflow is generated , the conversion is not affected
   •When Timer B0 underflow is generated during A/D conversion of pins after the
    AN1 pin, conversion is halted and the sweep is restarted from the AN0 pin again
AN1 pin conversion start condition
   •When Timer B1 underflow is generated during A/D conversion of the AN0 pin, the
    input voltage of the AN1 pin is sampled.  The AN1 conversion and the rest of the
   sweep start when AN0 conversion is completed.

 A/D Conversion Stop   •When single sweep conversion from the AN0 pin is completed
 Condition             •Set the ADST bit to 0 (A/D conversion halted)(2)

 Interrupt request A/D conversion completed
 generation timing

 Analog input pin Select from AN0 to AN1 (2 pins), AN0 to AN3 (4 pins), AN0 to AN5 (6 pins)
and AN0 to AN7 (8 pins)(3)

 Readout of A/D conversion Readout one of registers AN0 to AN7 that corresponds to the selected pins
 result

Table 15.10  Delayed Trigger Mode 0 Specifications
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Figure 15.27 ADCON0 to ADCON2 Registers in Delayed Trigger Mode 1

A/D Control Register 0 (1)

Symbol Address After Reset
ADCON0 03D616 00000XXX2

b7 b6 b5 b4 b3 b2 b1 b0

Analog input pin 
select bitCH0

Bit Symbol Bit Name Function

CH1

CH2

A/D operation mode 
select bit 0

MD0
MD1

Trigger select bit Refer to Table 15.13 TRG

ADST A/D conversion start flag
(2)

0 : A/D conversion disabled
1 : A/D conversion started 

Frequency select bit 0CKS0

RW

A/D Control Register 1 (1)

Symbol Address After Reset
ADCON1 03D716 0016

Bit Name FunctionBit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

A/D sweep pin
select bit(2)SCAN0

SCAN1

MD2

BITS
8/10-bit mode select bit 0: 8-bit mode           

1: 10-bit mode

VCUT Vref connect bit (3)

A/D operation mode 
select bit 1

1: Vref connected

0 1

When selecting delayed trigger mode 1

0

1 1 1: Set to 111b in delayed trigger
           mode 1

b2 b1 b0

0 0 : One-shot mode or delayed trigger mode 
        0,1

b4 b3

1

Frequency select bit 1CKS1

0: Any mode other than repeat sweep
    mode 1

RW

RW

RW

RW
RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

Refer to Table 15.2 

NOTES:
      1. If the ADCON0 register is rewritten during A/D conversion, the conversion result will be undefined. 
      2. Do not write 1 in delayed trigger mode 1.  If necessary, set to 0.

NOTES:
      1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be undefined. 
      2. AN00 to AN07, AN20 to AN27, and AN30 to AN32 can be used in the same way as AN 0 to AN7. Use bits ADGSEL1 and            
          ADGSET0 in the ADCON2 register to select the desired pin.
      3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 µs or more before starting
         A/D conversion.

Refer to Table 15.2 

(b7-b6)

110

b1 b0

0 0: AN0 to AN1 (2 pins)
0 1: AN0 to AN3 (4 pins)
1 0: AN0 to AN5 (6 pins)
1 1: AN0 to AN7 (8 pins)  

0

Nothing is assigned.  If necessary, set to 0. 
When read, the content is undefined

NOTES:
     1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.
     2. Set to 1 in delayed trigger mode 1.

A/D Control Register 2 (1)

Symbol Address After Reset
ADCON2 03D416 0016

b7 b6 b5 b4 b3 b2 b1 b0

A/D conversion method 
select bit (2) 1: With sample and hold

Bit Symbol Bit Name Function RW

SMP

Reserved bit Set to 0

0

A/D input group 
select bit 

0 0: Select port P10 group
0 1: Select port P9 group
1 0: Select port P0 group 
1 1: Select port P1/P9 group 

b2 b1

Frequency select bit 2 CKS2

ADGSEL0

ADGSEL1

RW

RW

RW

RW

RW

(b3)

Nothing is assigned.  If necessary, set to 0.
When read, the content is 0(b7-b6)

Refer to Table 15.2 

RWTRG1 Trigger select bit 1

1

Refer to Table 15.13 

1
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Figure 19.2  I/O Ports (2)

P82 to P84

P31, P62, P66, P77

Data bus

Pull-up selection

Direction register

Port latch

Data bus

Pull-up selection

Direction register

Port latch

Input to respective peripheral functions

Input to respective peripheral functions

P20, P21, P70 to P73 "1"

Output
Data bus

Direction 
register

Port latch

Pull-up selection

(1)

Input to respective peripheral functions

Switching 
between
CMOS and
Nch

(1)

(1)

NOTE:
1.                symbolizes a parasitic diode.
     Make sure the input voltage on each port will not exceed Vcc.
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Item EW mode 0 EW mode 1
Operation mode Single chip mode Single chip mode
Areas in which a User ROM area User ROM area
rewrite control
program can be located
Areas where The rewrite control program must be The rewrite control program can be
rewrite control transferred to any other than the flash excuted in the user ROM area
program can be memory (e.g., RAM) before being
executed(2) executed
Areas which can be User ROM area User ROM area
rewritten However, this excludes blocks with the

rewrite control program
Software command None • Program, block erase command
Restrictions Cannot be executed in a block having

the rewite control program
• Read Status Register command
Cannot be executed

Mode after programming Read Status Register Mode Read Array mode
or erasing
CPU state during auto- Operating In a hold state (I/O ports retain the state
write and auto-erase before the command is excuted(1)

Flash memory status • Read the FMR00, FMR06, and Read the FMR00, FMR06, and FMR07
detection  FMR07 bits in the FMR0 register bits in the FMR0 registerby program

by program
• Execute the read status register
command to read bits SR7, SR5,
and SR4.

Condition for transferring Set bits FMR40 and FMR41 in The FMR40 bit in the FMR4 register is
 to erase-suspend(3) the FMR4 register to 1 by program. set to 1 and the interruput request of

an acknowledged interrupt is generated
NOTES:

1. Do not generate a DMA transfer.
2. Block 1 and Block 0 are enabled for rewrite by setting FMR02 bit in the FMR0 register to 1 and setting

FMR16 bit in the FMR1 register to 1.  Block 2 to Block 5 are enabled for rewrite by setting FMR16 bit
in the FMR1 register to 1.

3. The time, until entering erase suspend and reading flash is enabled, is maximum td(SR-ES) after
satisfying the conditions.

20.4 CPU Rewrite Mode
In CPU rewrite mode, the user ROM area can be rewritten when the CPU executes software commands.
The user ROM area can be rewritten with MCU mounted on a board without using the ROM writer.  The
program and block erase commands are executed only in the user ROM area.
When the interrupt requests are generated during the erase operation in CPU rewirte mode, the flash
memory offers an erase suspend function to suspend the erase operation and process the interrupt opera-
tion.  During the erase suspend function is operated, the user ROM area can be read by program.
Erase-write(EW) 0 mode and erase-write 1 mode are provided as CPU rewrite mode.  Table 20.3 lists
differences between EW mode 0 and EW mode 1.  One wait is required for the CPU erase-write control.

Table 20.3  EW Mode 0 and EW Mode 1
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20.6.6 DMA Transfer
In EW mode 1, do not generate a DMA transfer while the FMR00 bit in the FMR0 register is set to 0.
(during the auto-programming or auto-erasing).

20.6.7 Writing Command and Data

Write the command codes and data to even addresses in the user ROM area.

20.6.8 Wait Mode
When entering wait mode, set the FMR01 bit to 0 (CPU rewrite mode disabled) before executing the
WAIT instruction.

20.6.9 Stop Mode

When entering stop mode, the following settings are required:
• Set the FMR01 bit to 0 (CPU rewrite mode disabled) and disable the DMA transfer before setting the
  CM10 bit to 1 (stop mode).

20.6.10 Low Power Consumption Mode and On-Chip Oscillator-Low Power Consumption Mode
If the CM05 bit is set to 1 (main clock stopped), do not execute the following commands.
• Program
• Block erase
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Figure 20.14 Full Status Check and Handling Procedure for Each Error

Full status check

FMR06 =1
and 

FMR07=1?

NO

Command 
sequence error

YES

FMR07=
0?

YES

Erase error
NO

(1) Execute the clear status register command and set 
the status flag to 0 whether the command is 
entered.  

(2) Execute the command again after checking that the 
correct command is entered or the program 
command or the block erase command is not 
executed on the protected blocks.

(1) Execute the clear status register command and set 
the erase status flag to 0.

(2) Execute the block erase command again.
(3) Execute (1) and (2) at least 3 times until an erase 

error does not occur.  

Note 3: If bits FMR06 or FMR07 is 1, any of the program or block erase command cannot be 
accepted. Execute the clear status register command before executing those commands.

FMR06=
0?

YES

Program errorNO

Full status check completed

Note 1: If the error still occurs, the block can not be 
used.

(1) Execute the clear status register command and set  
the program status flag to 0.

(2) Execute the program command again.

Note 2: If the error still occurs, the block can not be 
used.

[During programming]
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Table 21.8  Electrical Characteristics (Note 1)
VCC = 5V

lobmyS retemaraP noitidnoC
dradnatS

tinU
.niM .pyT .xaM

V HO hgiHtuptuO
egatloV)"H"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I HO Am5-= V CC - 0.2 V CC V

V HO
hgiHtuptuO
egatloV)"H"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I HO 002-= µA V CC - 3.0 V CC V

V HO

egatloV)"H"(hgiHtuptuO X TUO
rewoPhgiH I HO Am1-= V CC - 0.2 V CC

V
rewoPwoL I HO Am5.0-= V CC - 0.2 V CC

egatloV)"H"(hgiHtuptuO X TUOC
rewoPhgiH deilppadaoloN 5.2

V
rewoPwoL deilppadaoloN 6.1

V LO woLtuptuO
egatloV)"L"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I LO Am5= 0.2 V

V LO
woLtuptuO

egatloV)"L"(
0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I LO 002= µA 54.0 V

V LO

egatloV)"L"(woLtuptuO X TUO
rewoPhgiH I LO Am1= 0.2

V
rewoPwoL I LO Am5.0= 0.2

egatloV)"L"(woLtuptuO X TUOC
rewoPhgiH deilppadaoloN 0

V
rewoPwoL deilppadaoloN 0

V +T V- -T siseretsyH 0AT NI 4AT- NI 0BT, NI 2BT- NI TNI, 0 TNI- 5 DA,IMN, GRT STC, 0-
STC 2 KLC,ADS,LCS, 0 KLC- 2 2AT, TUO 4AT- TUO IK, 0 IK- 3 R, 0DX -

R 2DX S, 3NI S, 4NI

2.0 0.1 V

V +T V- -T siseretsyH TESER 2.0 5.2 V
V +T V- -T siseretsyH X NI 2.0 8.0 V
I HI hgiHtupnI

tnerruC)"H"(
0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

X NI VNC,TESER, SS

VI V5= 0.5 µA

I LI woLtupnI
tnerruC)"L"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

X NI VNC,TESER, SS

VI V0= 0.5- µA

R PULLUP pu-lluP
ecnatsiseR

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

VI V0= 03 05 071 kΩ

fR NIX ecnatsiseRkcabdeeF X NI 5.1 MΩ

fR NICX ecnatsiseRkcabdeeF X NIC 51 MΩ

V MAR egatloVybdnatSMAR edompotsnI 0.2 V

:SETON
otdecnerefeR.1 V CC V,V5.5ot2.4= SS .deificepsesiwrehtosselnuzHM02=)KLCB(f,C°58ot04-/C°58ot02-=rpoTtaV0=
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VCC = 5V
Table 21.47  Electrical Characteristics (2) (Note 1)

lobmyS retemaraP noitidnoCtnemerusaeM
dradnatS

tinU
.niM .pyT .xaM

I CC ylppuSrewoP
tnerruC

V( CC )V5.5ot2.4=

erasniptuptuO
dnanepotfel
erasniprehto
Votdetcennoc SS

MORksaM (f KLCB ,zHM02=)
noisividon,kcolcniam

81 52 Am

f,noitallicsopihc-nO )COR(2 ,detceles
zHM1=)KLCB(f

2 Am

yromemhsalF (f KLCB ,zHM02=)
noisividon,kcolcniam

81 52 Am

f,noitallicsopihc-nO )COR(2 ,detceles
zHM1=)KLCB(f

2 Am

yromemhsalF
margorp V0.5=ccV,zHM01=)KLCB(f 11 Am

yromemhsalF
esare V0.5=ccV,zHM01=)KLCB(f 11 Am

MORksaM zHk23=)KLCB(f ,
edomnoitpmusnocrewop-wolnI ,

MORnogninnurmargorP )3(

52 µA

,noitallicsopihc-nO
f )COR(2 ,zHM1=)KLCB(f,detceles

edomtiawnI

05 µA

yromemhsalF zHk23=)KLCB(f ,
edomnoitpmusnocrewop-wolnI ,

MARnogninnurmargorP )3(

52 µA

,zHk23=)KLCB(f
,edomnoitpmusnocrewop-wolnI
yromemhsalfnogninnurmargorP )3(

054 µA

,noitallicsopihc-nO
f )COR(2 ,zHM1=)KLCB(f,detceles

edomtiawnI

05 µA

,MORksaM
yromemhsalF

edomtiawnI,zHk23=)KLCB(f )2( ,
hgihyticapacnoitallicsO

5.8 µA

,zHk23=)KLCB(f edomtiawnI )2( ,
wolyticapacnoitallicsO

3 µA

,spotskcolcelihW 52=rpoT C° 8.0 3 µA
:SETON

otdecnerefeR.1 V CC V,V5.5ot2.4= SS .deificepsesiwrehtosselnuzHM02=)KLCB(f,C°58ot04-=rpoTtaV0=
fgnisu,setareporemitenohtiW.2 23C .

.stsixedetucexeebotmargorpehthcihwniyromemehtsetacidnisihT.3
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Timing Requirements

(VCC = 5V, VSS = 0V, at Topr = – 40 to 85oC unless otherwise specified)

Table 21.61  Multi-master I2C bus Line

VCC = 5V

High-speed clock mode
Max.Min.

Bus free time
The hold time in start condition
The hold time in SCL clock 0 status

µs
µs
µs

tBUF
tHD;STA
tLOW

ParameterSymbol Unit

tR

tHIGH
tHD;DAT

ns
µs
µs

Data hold time
The hold time in SCL clock 1 status

SCL, SDA signals' rising time

1.3

0.6
1.3

0
0.6

20+0.1Cb

tF SCL, SDA signals' falling time
tSU;DAT Data setup time
tSU;STA The setup time in restart condition
tSU;STO Stop condition setup time

Standard clock mode
Max.Min.

4.7

4.0
4.7

0
4.0

250
4.7
4.0

1000

300
100
0.6

20+0.1Cb

0.6

300

300

0.9

ns
ns
µs
µs
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VCC = 3VTable 21.62  Electrical Characteristics (Note)

lobmyS retemaraP noitidnoC
dradnatS

tinU
.niM .pyT .xaM

V HO hgiHtuptuO
egatloV)"H"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I HO Am1-= V CC - 5.0 V CC V

V HO

egatloV)"H"(hgiHtuptuO X TUO
rewoPhgiH I HO Am1.0-= V CC - 5.0 V CC

V
rewoPwoL I HO 05-= µA V CC - 5.0 V CC

egatloV)"H"(hgiHtuptuO X TUOC
rewoPhgiH deilppadaoloN 5.2

V
rewoPwoL deilppadaoloN 6.1

V LO woLtuptuO
egatloV)"L"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I LO Am1= 5.0 V

V LO

egatloV)"L"(woLtuptuO X TUO
rewoPhgiH I LO Am1.0= 5.0

V
rewoPwoL I LO 05= µA 5.0

egatloV)"L"(woLtuptuO X TUOC
rewoPhgiH deilppadaoloN 0

V
rewoPwoL deilppadaoloN 0

V +T V- -T siseretsyH 0AT NI 4AT- NI 0BT, NI 2BT- NI TNI, 0 TNI- 5 DA,IMN, GRT STC, 0-
STC 2 KLC,ADS,LCS, 0 KLC- 2 2AT, TUO 4AT- TUO IK, 0 IK- 3 R, 0DX -

R 2DX S, 3NI S, 4NI

8.0 V

V +T V- -T siseretsyH TESER 8.1 V
V +T V- -T siseretsyH X NI 8.0 V
I HI hgiHtupnI

tnerruC)"H"(
0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

X NI VNC,TESER, SS

VI V3= 0.4 µA

I LI woLtupnI
tnerruC)"L"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

X NI VNC,TESER, SS

VI V0= 0.4- µA

R PULLUP pu-lluP
ecnatsiseR

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

VI V0= 05 001 005 kΩ

fR NIX ecnatsiseRkcabdeeF X NI 0.3 MΩ

fR NICX ecnatsiseRkcabdeeF X NIC 52 MΩ

V MAR egatloVybdnatSMAR edompotsnI 0.2 V

:ETON
otdecnerefeR.1 V CC V,V6.3ot0.3= SS .deificepsesiwrehtosselnuzHM02=)KLCB(f,C°58ot04-=rpoTtaV0=
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